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I t was niot untilI thep early '1950s that at teor)ts were" d to 1"(o i rlo i
a in t i (en)i c ity of bonec all o ra f ts; a nd the ru, a t i on, h i0 o f imriunmi J~ if (_ it y

Spreseorvalion techniques. Plarametersý used to eva luaf, thi, ati spjni tv
included histolog;ical characterization of thme -est' cellular- re',ponn- ,o
round inig the graft. and an 's tirnate of new bone formation (1, '3 ,ý )
,iitered patterrms of ,,,cond-,eT 0 kinl graft reel, 1P (-tio 1),ý 7) -ha V,;
him the Iregional lymph nodes draining the site of graft placer fnt (.,

Sarid serol1oy icalI tesýts, to i den t ify an t ibod ies draai ns t bone ex tra ats, (?. U)
fPecen Ily. m ore <Sons i t ive te~sts1 ha ve been app) j ed inm.lud in9 Cy to to', icityO assays for huvmral (7, 11 ) and cellI-mediated immuni ty (CMI) (11. 12) A4I
oif these studies , wi tn the exception of the work of Langer (11 ) indicited
that. freeze-dryingi and to a lesser degree u,ýep-freezing of bonec al lngraifts,

Smarkedly reduced or, abol ished their abi l ity to evolke an imm[Tune respons;e in
the graft recipient. Thisý is discussed in more detail elsewhere (13, 14).

Bonfiqlio (1). Kruez (4), and Lundgren (12) have providod the only
studies involvinq grafts placed orthotopically, arid only Burwell (6. '2) and
Kossowska-Paul (9) have examined the immiunological response to fresh. cortical
anid cortico-cancelious hone allogjrafts separately. There have been no pro-
viouslIy reported studies that have comipared the imisiunegenicitv of Preserved
cortical arid cortico-cancellous allografts using assays for both hutporal anid
cell-miediated immunity. The present study was undertaken to determine
whether cortical or cortico-cancellous allografts preserved by deep-freezin'!
or freeze-drying and placed in an orthotopic site were imihunogletic uising a
sensitive imxmunological assay for cellular and humo1ral fillmuunity. SThe alto-
graft materials and freeze-drying techniqueP employed were chosen to paral let
those currently used by the U.S. Navy Tissue Bank for itý ongoing clinic-al
protocols.

MATERIALS ANID MlETHODS

Nine randomly bred female Dutch belted rabbits (Rowriar Rabbitry, Mt.
Airy, Maryland USA), weighing approximiately 2 kilograms, served as bone allo-
graft donors. Peripheral blood monoinuclear -rolls pooled from four additional
female Dutch belted rabbits were used as targets in the mlicrocytotoxicity
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i t ot~i I Iii fII r anrdom1 y' hredI New / ea Ia nd wh ite, fewal1 e r a bb it 1
owrisar

a tL I t , -v a vorai i nq 4 k i I ogIraxis iat the t ime of siurgery , wereý usýed as Acne
1,'1t ",,, ý,Io nts or niirid I controls, and as the source, of ef fPc toy, cell1'. and

fnP asay wenty-seven rabbi ts received freso or preserved aill-
wil ani fijri underwent. sham procedures in whi ch no traf t was ins'erted.

Pone was, obtained sterilely and prepared as corticýal chips, from the
ha *t- of the I onq bones, or as, sniall1 pieces of iliac crest contain'q re~oth.
o r t i(,I al dnd c iIIc(? I I busýco-I -5 i' ,. 't' Die w,, t wd5'iePd vigqorous, 1 by i,,ind

IFal 1) tor erove' 1nose Iy ajit, rent heisatopoojetic elemefnts,. These pra ft- as,
wel 1- tho ie coriiiiionl! used in clinical practire represent a composl te tiss-,ýue,
,aoich 1 ontainrs vdrjiiii amtounts of osteogenic ls collaqen, m)atrix, hefrato-
pnietiu. and lymphoid elements, fibrous and adipose tissues, endothel ial cells
aiid inerves . (,raft miaterial was then either deep-frozen in a liquid nitrogen
frePezer (-196 to -170"() for at least 4 weeks, freeze-dried to less thaiin
residuial moisture, or used fresh. Grafts were inserted under I-rroxar--Vet
,inesthveia (McNeil Laboratories Inc., Ft. Washington, Pennsylvania d in a
f- etl ccate~d in, thle iliac crest by removing its outer cortex. S ix to *en
grraus oif aillotieneic bone were used in each animal which, when correc ted for-
body weigot , is ilu i xal ent to or greater than the average amount. of graft
material dispensed by the U.S. Navy Tissue Bank, to treat a benign s,)aC~e o'cu-
tying lesion (if bone. Sera and lymphocytes to be used as effectors of cyto-
toxicity in the assay were collected 1-4 weeks following insertion of the
grafts.

The iiicrocytotoxicity assay for humoral and cell-mediated immunity was
modified froni techniques described by Brunner (15) and Liqhtbody (16).
l)etai Is of the ',chromium-release assay have been described in detail else-
where (17). Briefly, a pool of ticoll-Hypague separated peripheral mononu-
cle~ar cells stimulated with PHA from four Dutch belted rabbit, served as tar-
get (ells. The assay for hurtoral antibody was accomplished by adding 0.1 rill
(if the Ichromiuc: labelled target cell suspenrsion (1 x 10" cells) to each well
of a iiicrotiter plate followed by 0.05 ml of test sera. The plate was incu-
rated at 3,'L for 110 min and 0.01, ml of a I:1 dilution of guinea pig 0oriple-
ment added. The plate was shaken on a microplate shaker, incubated at 37-C.
fur I hr, and centrifuged for 5 min at h600 x 9 and 4'C. One-tenth milliliter
of the supernatant fluid was removed and the Ichromium release measured.
Determination of cell-miediated lymphocytotoxicity (CML) wsperformed with a
mtononuclear effector cell to PHA -timulated target cell ,atio of 100:1. Both
huuiioral aind cell-iiiediated cytotoxicity assays were run in tripliCdue ind the
mfean anld standard errors, deterimined. The percent "Ichromium rlsein each
c~ase was calcu~lated using the following ciluation:

chroili ull - CPM experimenntal well --PPM! spontaneous release_ 0
release CVM _of rez-hwwe--i' pndeu rePlease : 0

Values, of 5 or less were considered negative and values greater than
10 release were considered positive. Intermediate values were considered to
tie equivocal or "plus-miiivus(

RESULTLS

The results fromi this study are presented in Tables I arid 11 and are sum-
01arized in Table 1II. The highest percent '51Cr-retedse values, over- the 4-week
period are reported. Using the effector to targlet cell ratio of 100:1. all
recipients of fresh cortical and cortico-cancellous alloqraft~s demfonlstrated
positive CML as dlid all four recipients of deep-frozen cortico-cancellous, bone
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TA IT I

CELL -M[ DIATi D LYMPHOCYTDTOXICITV'

Graft Cortico-lancellous ,' o
f'reý,aration Grafts Gra f f

F rpeh 34, 68 16 , 1

F reeze-)r ied 0, 0, 16 ,,4,,

Deep-Frozen 30. 26, 44, 37 0. , ,1,7

AniimalIs were assayed between I to 4 weeks after (lraiftmr

TABLE 11

ANTIBODY AND COMPLEMENT MEDIATED CYTOTOXICITY7

Percent "tCr-release

Graft Cortico-Cancellous Cortical
Preparation Grafts G ra f ts

Fresh 19. 84, 85 16. 20. 20

Freeze-Dried 0, 0, 0, 9, 5 0. 0, 0. 0, 0. 19

Deep-Frozen 7, 25, 13, 18, 52 0, 2, 13, 13, 13

Animals were assayed between 1 to 4 weeks after grafting.

Antibody mediated cytotoxicity was found to correspond closely with the
presence of cell-mediated immunity (Tables 11 and 11l), with the exception
that none of the animals receiving freeze-dried cortico-cancellous allogradfts
and three of five rabbits receiving deep-frozen cortical bone demonstrated
significant levels of cytotoxic antibody during the time tested. None of the
sham operated animals tested demonstrated humoral or cellular irmmunity in
this assay. These results suggest that the combination of freeze-drying and
cortical bone is the least antigenic and deep-frozen cortico-cancellous bone(,
the most sensitizing of the preserved allografts examined at this time
interval following graft placement.
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BONE "L L Krr 'IF I K 0)'ý !(:'

F resn CO'-t i il a 3 I
Cad.'l ýIIouis 3) 3

F ree'*e-:)i(ed Cortical (6) 1
rancellous (5

[)eep-Frozen (,ortical () 32 1

cancO Los (5 4 1

Chroisiu's-re ?ease msicrocyto tox ic ity as say (see tex t;

%urctjer of i d i v irdua Irabb i tsr i v i nq des igna ted response.,

PiSCIJSSIP(S

The Pt-A locus of the rabb it , ana logus to the HL -A Ilocus of the h~rian.
controls a complex series of antigens which resul t in rid or nistocor~pati-
bility differences between strains as well as pools of detectable antigens
common to any one strain (18, 19). These tissue antigens are expressed on
the surface of peripheral leukocytes (18) and fibroblasts (210); rodent hone
and skin have been shown to share common antigens (3, 5. 6. 71. Tne '~icro-
cyl -otoxicity assay used in this experiment depends upon the exi'stence of
major nistocompatibility differences between the New 7ealand white and the
Dutch belted strains. Pools of Dutch belted raohit leukocytes were used as;
craret cells to maximize the number of antigjenic differences within the
Major histocompatibility complex.

Previous attempts to demonstrate circulating antibodies induced bi vri-
mary alloqrafts of freeze-dried or deep-frozen bone have been unsuccrssfil
(1, 7, 10. Il). Elves (7) has concluded that viable cells are needed to sen-
sitize rats to bone allografts. Although in the present study both humoral
and cell-mediated immunity was detected following allografts of deep-frozen
cortico-cancellous bone, it is entirely oossible toat a Small pe'rcentarle Of
viable cells may have survived the deep-freezing process. It is unlikely.
however', that viable cells remained in the freeze-dried preparations, which
induced cell-mediated immunity in three of five recipients of cancellous
grafts and only )np detectable humoral response following iimpIlants of
cortical materials.

tanqer and his co-workers (11) studied fresh and ttuoc- -(rtico-
cancellous alloqrafts placed heterotopically in rats. (lyto toy ic hulor.oý
antibodies could be demonstrated following implantation of fresh but not
frozen allografts, leukocyte migration inhibition, an indicator of tell-
!mediated immunity, revealed that sensitization oc(urred in recipients of
fresh and frozen a IloIraf ts . The resulIts reported here clearly demons tra ~e
signifis nt ýnvels of both humoral and cell---.lisoi-' -, : fnflowin~l
primary orthotopic alloqrafts of deep-frozen cortico-cancellous hone.
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T Il ie 1 ,rr , de ( 4 i it i v itv j of tfnl : icro (,votr',Xi, ill, ii'l r, t~ i nto,
.1 01'tH f id y ar o' fI ti(t t he ,enit IvlIt y o~f tiole e r t I i

(1, ii'f , t ' io t or a a. pi v Ii, , ,t sý xli [I 5 f~ t-',

r ho t pi Li olIaceni er n t f 1n r aI 1c rat t !,lay have r, F i It ,ý1 1r Ii I "i to I

0in of 1 e n 1 f 1 , ' i o h (-rer oýr~ t , 1 t hl uiqh 1 11 tVf 1( l'," , -l
0o z n C(I r t 1 , "i no el 1 i tt qi taft 1 'rijatýd _el bot n Iii hjir ai ' 1, l -- ,,iI' J

itiiuafity andil tnhree of f i v rec i pien to o f f reee -d ried ,o r 1 il o a- ll i n(-II o.iý 4n
t11Iats rod'lcuel tell mediaited nirrunity, the salle iicorocytstij ~i 1 y at,ý, r/
I al 1 1 e t o dete t o(1, 0 itqr itICadn t s eIrs it' i zat iof) t o f re ze -dr Jco r t i (_a I Ir'
turin the period of this lt ildy. The oros-ent study suppor t,, fe , n*,n* 0ý

teat (ortical bone is less immuoillneioel then cancel lout bone, drd a oJ 0 e
e) )Ia na t ion riu 0 t t at ilrt') accoujnt the reaI It ive Iy lrea ter (11 1 I r
05ý tellqen ý c alitl heria topo ; ut i c )of ta nce I1 out hone .

I 1ooze- dry i rig has b een shown to s(el ec t ve I ai1 to t er ta i n re-fýetotr
t he tell1 surface and to d is rupt the ir f unc t ionalI arati,,ty (2? Z t;. Iuso, 'j I
t ootgih t reeze-dr ied s plIeen ccl i 1s were thownl to be abl1e to lb i n a ntitera , they
l~ei unan e, to bind o0 respond to pl ant mi togens . Di fferences,, have been r, -
nirted in the antilenii req~tirefientt for- the introltij-on of oi ttio-o a :'1,a

0 r' seco nd a ry iini i to r(CYto toA 1_dI I og rdat t re spo n se 1 2 1). In orde~r to tiP'
d ;_od pt imd ry ret Polite in vitro (mivixed lymnphocyte reaction) wiith at]ool'i
1jimpnoid cells, the LD (1 iowhocyte defined) gene product miust be disd 'i a(,d i n
a functionally active form. However, in the induction of an efficient sec-
onda ry res ponse ( CML ) , V i gh t i rrad ia ted 1lympho id cellsI or iierbra ne fragI-
mleets were shown to be strongly immunogenic. " im iIa r resulIts have been re-
por ted us ing a IIng-rne i c freeze-dr ied membrane fratimen ts ( 24 ). Such freeze-
d r ied ma ter ia Ile d ýiced poor prool i fera t ive and cytotox ic res ponses inr norrmal
s pl1een res ponder cellIs ; however , re-ex posure of immu~ne res ponoder T cell1s to
allogeneic membrane fragments triggered the generation of highly reactive
cytotoxic T lymphocytes. It would therefore appear tha t 4 n certain instainces
tee freeze-drying proc-ss alters the antigens involved in the or-imary re-
sponse whereas the serologically defined (SD) antigens remain intact for the
triggering of a secondary response. The data reported here varies sl ight]lv
with these reports in that three of five animials which received freeze-dried
cortico-cancel lour, bone did Produce cell-mediated immunity; none of these
animials, however, produced detectable antibody. Simcilarly, (tie of six anm-
malt receiving freeze-dried bone dem~onstrated a hutioral response. aiid none.
had detectable levels of CML. These discrepancies could be explained ott the
basis of differences between the in vivo and in vitro models. In addition,
it mutt be noted that the freeze-dried cortical bone didj not induce cell-
mediated imrmunity and therefore the differences seen could be due to quanti-
tative amounets of immunogenic material. turther experiments need to be car-
ried out in this in vivo model to determine whether or not freeze-dried to'-
tical grafts are capable of initiating a secondary response in primied recip-
ients. It Will also be important to examoine recipients of preserved bone
allografts at other time intervals than presented in this Preliiminary suy
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RI SliME

L'tuded do 1' immonogdenicito des al logreffes, osseusos censer-
vaes pirhsente on interý,t croissant du fait de l'utilisation
ci inigue do Cos al logreffes . [Ions le pr~nent travail, un test
de cytotoxicite. avec menure de rel~chement du chrome a Ate
utilise dans le but d'btudier l'immunite cellulaire ct/eu
humorale do loom s recevant des, allogrieffes osseuses lyophi-
lisees et congoelees (-170 C) (corticale Cu med~illaire).
line ollenreffe est nlocee en nonition orthotepique sot ia
cr~te iliaque d'un lapin. Les lymphocytes du donneur stimiu-
les par Ia phytoh~maglutinine et marques au chrome :)l et
utilises comme cellules cibles sont min en presenice du
serum ou dos lymphocytes do receveur. Qoand l'allegreffe
et constitoce do corticale lyophilisee, l'iomunisatiori
n'es.t observee que chez 1 un des six lapins. Par centre.
lorcgque 1 'allogreffe corticale ou medullairoe est congelee,
l'immonination apparait chez taus len Onimaux ; elie oct
cependani plus faible que ceile observee avec des allo-
groffes fraiches.
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lymphocytes of the donor stimulated with phytohemagglutinin were used as target
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- cells in the presence of serum or the lymphocytes of th c recipient. l.oT n
the allograft consisted of freeze-dried cortical bone, imimunization wa.,
noted only in one of the six rabbits. On the other hand, when the
cortical or cancellous allograft wds deep frozen, immunization appeared in
all the animals, it was, however, lower than that observed with fresh
allografts.
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